PATENT AMENDMENTS SHEET 



Maximally Digitized Fractional-N Frequency Synthesizer and Modulator with Maximal 
Fractional Spurs Removing 

Xiaopin Zhang, Strehleranger 3, 81735 Munich, Germany, Tel:+49 89 35465225 



Maximally Digitized Fractional-N Frequency Synthesizer and Modulator with 



The paragraph [0029] on page 10 of the specification is amended as follows. 

[0029] The algorithm shown in Figure 5 uses the first case detection event to generate 
the feedback control signal. The ideal feedback error signal is the change of the angle 
between the two clock hands during one reference period, which is the instantaneous 
frequency difference between the two signals. If the two comparing bits are the same, 
as stated above that the angle difference may probably be small, the error signal is sent 
as zero. Once the first case detection event is trigged by the two different comparing 
bits, the angle of the state line where the accumulator hand stays will be outputted as 
the error signal. Th i s e rror d e t e ction a l gorithm obv i ously i s not abso l ut e accurat e sinc e 
th e error s i gna l may always not e qua l to actua l angl e differ e nc e , no matt e r th e e rror 
signa l i s z e ro or not z e ro. How e v e r, if th e e xtra ang le diff e r e nc e that i s not inc l ud e d i n 
one dotect i on could b e poss i b l y d e t e ct e d in th e fo ll ow i ng detections w i th a d e lay that i s 
much le ss than th e r e ciprocal of th e l oop bandwidth, the performanc e p e nalty caused 
by the d el ay will b e acceptabl e . K ee ping the undet e ct e d angl e d i ff e r e nc e for th e 
fo l lowing detect i on is dono by restarting the accumu l ator hand from th e r e f e renc e lino 
again aft e r a nonzoro e rror signa l is g e nerat e d. I n fact, this is equival e nt to rotat e the 
accumulator hand by an angl e that i s e qua l to the error signa l towards th e DSFD hand. 
Th e ang l e diff e rence betwe e n th e two hands aft e r th i s w i ll be tho extra ang le d i ff e r e nce 
that is not b ee n dot o cted. I n th e fo ll owing operations i f the angl e d i ff e r e nce has e volved 
l arg e e nough to tr i g anoth e r f i rst case d e t e ct i on event, th e contr i but i on of that e xtra 
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angl e d i ff e renc e wi l l b e e v e ntually includ e d If the error detection is precise, after the 
error signal is generated the accumulator hand need to be restarted at the position of 
DSFD hand so that the detection in the following reference cycle will only detect the 
change of the angle between the two clock hands during those cycles and not include 
the above detected error signal. In fact, this is eguivalent to rotate the accumulator 
hand with an angle shift that is egual to the error signal towards the DSFD hand. But 
since the detected error signal is not exactly egual to the angle between the two clock 
hands, the accumulator hands cannot be restart at the same position where the DSFD 
hand is. It is only possible to rotate the accumulator hand with the angle of generated 
error signal, so that for the detection in the following cycle there will be an initial angle 
difference that eguals the phase error not been detected between the two clock hands. 
Fortunately, this is also the best way to restarting the accumulator hand. This is 
because that in the following operations if the angle difference has evolved large 
enough to trig another first case detection event, the contribution of that extra angle 
difference not been detected in the previous reference cycle will be eventually included. 
From the view of graphic notation, the accumulator hand will follow the DSFD hand 
closely as the result of the rotation after each error signal generation. As long as the 
two clock hands follow each other closely, the undetected phase error will always be 
very small and all the phase error evolved will be finally detected. Therefore, there will 
be only some delay to a small part of the phase error in the detection. If the delay is 
much less than the reciprocal of the loop bandwidth, the performance penalty cause by 
the delay will be acceptable . 
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